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INTRODUCTION. 


Most of the rice produced in the United States is grown and milled 
in the States of Louisiana, Texas, Arkansas, and California. A few 
mills also are under operation in North Carolina, South Carolina, and 
Georgia. Although the processes employed in rice milling are old 
in principle, a marked improvement has taken place in the industry 
during the past decade. As the industry is carried on in such a 
limited area of the country, however, these processes are probably un- 
familiar to many people who do not live in the rice-growing sections. 
A description of the rice grain as it comes to the mills and of the 
essential steps in rice milling seems, therefore, a desirable preliminary 
to a discussion of rice by-products. | 

The three varieties of rice commonly grown in the Louisiana, Texas, 
and Arkansas rice districts are: Japan, Honduras, and Blue Rose. 
The Japan type has a short, thick grain, the Honduras type has a 
long kernel, while the Blue Rose type is intermediate between these 
two in size. The Blue Rose type, although of comparatively recent 
introduction, has increased rapidly in popularity -because of its 
productiveness and milling qualities. 

1 This bulletin gives the results of an investigation of the rice-milling industry, conducted with special 
reference to the by-products obtained in the milling ofrice. It should be of interest to rice millers, feed- 
control officials, feed manufacturers dealers, and feeders of stock. 

2 Acknowledgment is madeto F. B. Wise, of the Bureau of Plant Industry, and A. W. Broomell, 
formerly of the Bureau of Chemistry, for the use of descriptive matter from U.S. Dept. Agr. Bul. 330, 


and to P. B. Yost and F. L. Elliot, of the New Orleans Laboratory of the Bureau of Chemistry, for 
assistance in the analytical work. 
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The rice grain as it is received at the mill from the farm thrasher 
is contained in a hard, siliceous hull which incloses the edible kernel. 
This hull is covered with small needlelike points very high in silica 
content. Directly beneath the hull, but separate from it and at- 
tached firmly to the endosperm or starchy body of the kernel itself, 
is a light-brown bran coat. The microscope reveals seven distinct 
layers of bran. At one end of the hulled kernel the germ or embryo 


is distinctly visible. The milling process normally removes the. 


germ, six of the bran layers and a part of the seventh or aleurone - | 


layer, and leaves only the starchy part of the kernel surrounded by 
a portion of the last layer. The aleurone cells are very rich in pro- 
tein and only about 10 per cent of the protein of the hulled rice is 
removed by milling. Most of the oil, however, is contained in the 
germ, and since all of the germ goes into the bran about 85 per cent 
of the oil content of the Kernel is removed. 


DESCRIPTION OF THE MILLING PROCESS. 


The rice as it comes to the mill is termed ‘“‘rough rice” and usually 
is received in sacks which ordinarily contain from 175 to 210 pounds 
each, the average being about 190 pounds. The trade, however, 
usually considers that 162 pounds constitute a “barrel.’’ From 
the mill warehouse the rough rice is elevated to the top floor of the 
mill, where the cleaning process begins. The rough rice goes over a 
machine called a “‘scalper,’’ which removes the sticks, stones, and 
other coarse material by screens and removes the dust and fine ma- 
terial by suction. From the scalper the rice goes to the ‘ clipper,”’ 
which removes the long beard and stems; and from the clipper to 
a ‘‘monitor,’’ which by suction removes light or blighted grains of 
rice. The product now might be termed ‘cleaned rough rice,”’ and 
upon this product the milling process proper is conducted. 


MILLING MACHINERY. 


Hulling stones—The milling process may be divided into three 
parts, each of which removes a different portion of the rice and pro- 
duces a distinct by-product. The first step is the removal of the 
hull; the second, the removal of the outer bran; and the third, the 
removal of the inner bran. The cleaned rough rice goés to a pair 
of milling stones, similar to the old-time flour-mill buhrstones. 
These stones, the top one of which usually revolves, are set some 


distance apart, so that the revolving of the stone causes the grains - 


to assume a somewhat vertical position. In this position a pressure 
is exerted on the ends of the grain, which cracks or splits the hull, 
allowing the kernel to drop out. Care is taken to set the stones a 
sufficient distance apart so that there will be as little breaking of the 
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kernel as possible, as broken rice sells for less and is graded lower 
than whole rice. It is worth noting that the breaking by the stones 
usually is lengthwise rather than transverse. Many of the transverse 
breaks are already in the rice when it arrives at the mill. 

Stone reel.—From the stones the mixture of hulled rice, unhulled 
rice, and hulls goes to the so-called “stone reel.’’ This reel is a 
large revolving, octagonal framework covered with wire screens, the 
square meshes of which are usually 14 to the linear inch. Both finer 
and coarser meshes are sometimes used. The fine material passing 
through this screen consists of broken hulls, germs, and true bran. 
It is termed ‘“‘stone-reel bran.’’ The rice and hulls passing over the 
stone reel are conducted to a monitor which removes the loose hulls 
by suction. 

Paddy machine.—The rice stream goes to the ‘‘paddy machine, ”’ 
device for separating the rough from the hulled rice. This machine 
consists of a large, mechanically-operated box shaker with zigzag 
divisions formed by vertical metallic plates. These plates, together 
with the shaking, aid gravity in making a separation of the lighter, 
unhulled grains from the heavier, hulled grains. The rough-rice 
erains gradually move upward from the center feed and pass over the 
machine into a trough, while the heavier, hulled grains are collected 
under the lower side. The unhulled or ‘‘paddy” grains go to a pair 
of auxiliary stones similar to the first stones, but’ set somewhat 
closer together. The stream from these stones reenters the main 
stream going to the stone reel. 

Hullers—The natural brown rice from the clean-rice side of 
the paddy machine 4s conducted to a set of so-called ‘‘first-break 
hullers.”?” The name “huller’’ applied to these machines is mis- 
leading, as their purpose is to remove the bran layers from the grain 
which already has been hulled. The huller consists of a grooved, 
tapering cylinder revolving within a concentric hollow cylinder so 
spaced as to rub loose a portion of the bran coat with as little breaking 
of the grain as possible. In outward appearance it resembles a 
large sausage machine. 

' After leaving the first set of hullers the loosened bran is separated 
in its passage through the first-break reel and constitutes the first- 
break bran. The rice goes to a second set of hullers similar to the - 
first set, but adjusted to bring the parts more closely together, so as 
to remove a further portion of the bran coat. Again the stream 
passes through a reel which separates out the second-break bran. 

Pearling cone.—In some mills the bran is removed more gradually 
and some millers believe that the breakage is reduced by the use of 
a machine known as a “pearling cone.”’ This machine consists of a 
frustum of a cone covered with a composition stone which is sur- 
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rounded by a sieve mantel of heavy iron wire. The rice is fed from | 


the top and is rubbed thoroughly between the cone and the sieve 
before passing out at the bottom. The severity of the scouring 
may be varied by raising or lowering the cone, thus decreasing or 
increasing its distance from the wire screen. One or two of these 
pearling cones are used in addition to one or two sets of hullers. 
The product taken off by the pearling cone is generally known as 
‘“‘nearling-cone meal”? and may be sold as such, although some 
mills make a practice of mixing this product either with their bran 
or polish, as demand or price may dictate. 

Brush.—During the milling in the hullers and pearling cone the 
rice becomes very warm, and, hence, before further treatment it 
is run to large cooling bins where it is allowed to remain for several 


hours. A further reason for collecting the grain in bins at this 


point les in the fact that a uniform flow of rice to the brush is 


necessary for good milling, and the brush handles rice much more | 


rapidly than the hullers or pearling cone. It is therefore necessary 


to store the rice from the hullers and pearling cone until such an— 


amount has been partly milled that a uniform feed for the brush 
machine is assured before it is started. From these bins the rice, 
which is now practically white in color, but is more or less rough 
and unsightly in appearance, is conveyed to the brush to remove 
more of the inner bran coat and to give the rice a smoother finish, 
The brush consists of a vertical cylindrical frame covered with a 
thick padding of soft leather strips. This frame revolves at a high 
rate of speed within a cylinder of wire screen. The rice enters at 
the top of the brush and is rubbed smooth by friction with the brush 
and screen while passing to the bottom of the machine. A con- 
siderable amount of heat develops in the brush, and it is found 
necessary to cool the brush by passing a stream of air upward through 
it. This air current carries with it a small amount of polish which 
is recovered in dust collectors. The material which passes through 
the screen of the brush, mixed with the small amount of material 
from the dust collectors, constitutes the rice polish usually found on 
the market. The rice leaving the brush machine-is suitable for 


market, although, as a rule, it is separated into different grades by — 


a system of screens or graders, and in many cases is given a high 
finish by the use of a small amount of glucose and tale. _ 
A graphic diagram of the mill process is shown in figure 1. 


ANALYSIS OF RICE AND ITS BY-PRODUCTS. 


With a few minor variations the process just described is followed 
in all rice mills. It results in three by-products, namely, rice hulls; 
a rice bran, consisting of a mixture of the stone-reel, first-huller, and 
second-huller brans; and rice polish. 
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Fig. 1.—Graphie diagram of a typical rice mill. 
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Two general plans were followed in conducting the study of rice 
by-products discussed in this bulletin. A large number of mills were 
visited and samples of the various by-products were taken both 
before mixing and when ready for market. After the examination 
of these samples had been completed it seemed desirable to obtain 
more detailed information relative to the yield and character of the 
various products under carefully controlled and known conditions, 
and for this purpose special runs were made, during which each part 
of the reduction products was kept separate and was carefully 
weighed and mixed before sampling. 


CHEMICAL COMPOSITION OF BY-PRODUCTS FROM DIFFERENT MILLS. 


In reporting the chemical results on the first part of this investi- 
gation the analyses of similar products from all the mills have been 
grouped together in Tables 1 to 6, as follows: Rice hulls, stone-reel 
brans, huller brans and pearling-cone meals, mixed brans as sold by 
the mill, rice polishes, and miscellaneous samples of interest. In these 
tables each mill has been designated by a letter, so that the various 
products of any one mill may be followed, if desired. 


Taste 1.—Analyses of rice hulls. 


insolu- atio o : 
: é Protein 
: Moist- ble in | insoluble| Crude Ether 
Mill. Sample No.| “ure. | ASB. | io per | ashto | fiber. 6.98), |extract. 
‘ cent |totalash. 25). 
HCl. ; 
} 

Per cha\we er ce. | Per ct. Per ct. | Per ct. | Per ct. 
Lae ac See no Oe RE a 25062—L 5. 47. 18. 80 WAZ LEON 46. 82 2. 81 0. 64 
Ey ra ye Me Een ah 25067—L CxO = 19.2 18s 228) Ws 105715 44570 25500) deals 
OS aie Sie ae AS ie: eee 25078—L 5.00} 18.04] 16.78) 1:1.08] 36.57 4.12 . 68 
De ei 5 Oe a re 25090—L 7.19 Ifo: 16. 11 Peel Oir 46. 48 3.16 1.10 
10d oe Rae, ee 25160—L 8.20} 20.01 | 18.84] 1:1.06] 40.95 3.49 | 1.22 
LP LE ee eel eee 25165—L W406) |= 2. 432 5 20567 ||) “1s 1504 | 40596 PSB SOL 
OS thd a alk ho ine 25192—L 6. 44 21. 48 20. 66 104 41.16 2. 02 . 36 
Lo Pe. Looe ye Oe ee 1 11976—L 7. 66 21.13 | - 20. 24 1:1.04 40. 46 3. 68 4.77 
ol ol ee a ee 17059—L S585 it. 40) GS 7ON |) Wes t03h| = 42: 50 2. 20 SUil 
1G oe Ee ae 15311—K 9. 25 20. 59 19. 67 L104 39. 23 2. 94 . 83 
1a ties Ayaikee ae on 12655—L O37) 22. 03 I 20598 We 1 1205") 8895 1. 88 ihe 
Like 2 SE 12643—L Taser en20: 63) | 195S8a te Osm||. 43x01 2. 56 . 67 
ay taggers Gund h Oe Aina emiae 12613—L $228] 16;40.) 15527.) 1107 | 44.29 S014 al deo 
OIE OES cca eater ae ol a 12622—L 6.31 |< 20.79 | 19.97} 1:1.04]| 39.84 1.75 . 53 
eee ne tC Pye Fat 11978—K 8745 | 20:06) 19:35) 221.03 | °42:94 PhP se 
Ye Se Le Se ee 15435—K (eT a\elontaale ele | Hest OGH = 3ee62 2. 85 a82 
Je Lot oc oe oS eee 12604—L 9. 69 17. 24 16. 14 11506 41. 65 2. 64 1. 04 
Se leet oe eee ee 12632—L 9. 43 19. 69 18. 90 1:1.04 39. 90 2. 69 ib aly/ 
See Se ey ee. ade ee 15451—K. 9. 38 20. 81 19. 90 eet OD, 39. 39 2.08 Bil 
inte See Ae Cee 17086—L SHOR I PAG Sisy | AO says Ab SiO) ES elas bys 2. 52 . 86 
Witacrraitimeeees sig eeee it 9.69 | 22.03 DOU9S0I sors es 46. 82 4,12 (eo 
IMT -=  . L e PED A Sn. 5.00 | 16.40 ISO nee eee 36. 57 tle 75 Sai 
BETAS eee. wets Sake s eee 7293 | 19.54 | 18.58) 121.05 | 41: 29 2. 66 . 80 


1 Omitted from summary, as the mill was old and did not make separations properly. 
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TABLE 2.—Analyses of stone-reel brans. 


sascit | Ration! 
insolu- atio o 3 
. 2 ss Protein x 
. Moist- ble in | insoluble} Crude Ether 
Mill. Sample No. ure. Ash. 10 per | ashto | fiber. CNX extract. 
cent | totalash. -25). 
HCl. 

‘Perct..\ Per cts \ Perict. Per ct. | Per ct. | Per ct 
iso ee AA ge US as Se 7 A Rg 25053—L QPSK 15596 W2NT6 ates 7 al) 2208407 ON OOM Salo 
BS rhs Re eet heat ess 25068—L 9:96.15 -16..17 by 135 102), - des 15-23) | 22563 7.69 | 7.30 
Or 1 Ron See 25080—L Ga7br |) h7SOTe | 14.245), et 1240 2 23850) ONS eataos 
1D Sy Seater ea hte ee 25089—L 9.26 | 12.24 9.12 | -1:1.34] 19.14] 11.69] 9.09 
1 Des a, aca a nei te ieee acre ters 25157—L 9. 93 13. 42 9. 44 1:1.42 15. 83 12. 44 | 11.08 
1 se eer ae ee ee ee 25163—L | 10.69.} 15.47.| 11,47-] 4 21.34 |. 18.84 ].10: 31, ). [21 
Gas a nee a ye ae 25183—L 10. 25 14. 58 11. 61 1128 22. O1 9. 22 6. 06 
Vesey gene ata tee te ee gee 11975—L 10. 37 12535 8. 37 1 peea yx ¥/ 16.15 11. 20} 10. 00 
seas <i A ee ee eed Cpe rare 17061—L |} 10.43 | 13.50 9.70 | 1:1.39] 18.26) 10.01 | 10.04 
ge atop a a len alae. nos oleae 15312—K 9. 34 14. 53 10. 31 qt PR WEY 11. 64 8. 38 
Hi Re ett eee ne UN oe Eee 12654—L 10. 40 16. 06 12. 84 ssts25 18. 06 9. 41 6. 56 
Meee ee Sei en pe aes 12644—L 9.807). 162914] - FASE 53 Pas 1525) 722820219 AOSOOF - Sh73 
SIN SE ne eres eee poe ae wee 12612—L 8. 07 14. 05 10. 15 iss 17.19 10. 89 9. 48 
QUse PRR age ees brew, Fire. & 12621—L 7:03:12 19529") = "165075 )) 12 s20s1 24562 7.49 | 6.59 
Re ee See Se a nk oy | 11989—k 8.86 | 13.22 TTL) tS ev) 9.40 | 11.19] 9.15 
Oita setae: cmee pree ease eer eps 15441—K 9..52°| 14.98 |) 12°98 [12 20. |) 26.49 8.48 | 5.15 
ree hd, ee toe et 12603—L |} 17.31 | 10.80 6..85.] 151256) 14.35) 1: 1150071) 27298 
Oe aes Oy eee < Fee ee ae Fae ae 112631—L | 10.45] 14.74] 12.14] 1:1.21) - 18.42 9.78 | 6.65 
ere ees aM ee _112664—L 8. 20 18. 98 16. 85 eee ets 25. 05 8. 07 5. 78 
Maes ps 09 ANAL Enon rd pk TES NR 215453—K | 10.95 4. 69 132152 Le 3E88 5.63 | 14.53 | 9.59 
LO fpscQopameh: Pert 5 taeda Pe deek ate 17088—L |. 14.26] 17.67) 12.824 °1:1.37 |. 15.72) 10.56). 9.47 
Verse ke TEES. Bae ee ee 11957—L | 14.37] 11.60 6.198 |5' As 187i 5s 35s) Sel 2286: [aise 54. 

MESCTTIVITETI es, ey eee Ry ge se Viol 19229") 1685 leere eee 26.49 | 12.86] 13.54 
IMAnTMUM eee fee area aes ae 6. 75 10. 80 GE 19 ES ess 9. 40 7.49 | 5.15 
AV OPAL Ose ere ee 5. oe eee eS | 10.19 14. 97 11. 28 1 Pasay: 19. 38 10. 21 |. 8. 28 


| | 


1 Samples were taken from different runs of the same mill at intervals of approximately two months. . 
2 Omitted from summary, as the figures reported on this sample are very abnormal, due to the remilling 
of broken rice. ; 
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TABLE 3.—Analyses of huller brans and pearling-cone 


Type of rice and 
by-product. 


Ash. 


meals. 


J Ses Ether 


: Sample 
Mill. NG? 
A ote PY mast 25056—L 
er ok ere 25069—L 
eae ee 25158—L 
erg Ore ee 15313 —K 
Mins SO aaa 12645—L 
Dest ted or 12665—L 
1 Oe alee age 25155—L 
Kee eee 15314—K 
1 eke aehee Cee 12646—L 
Shor a eee 12666—L 
Oe ie ie artes 25081—L 
ee eet et Oe 25091—L 
fi le le Ail 17079—L 
Ore ee 12623—L 
1 Feehan 12605—L 
1 a Ee ears Bac beta 12606—L 
Oe eit nee 17087—L 
I NRE RS siete 25059—L 
yee a celia Bie 25074—L 
IDE nae Meee 25097—L 
Tes. Se. fs 17071—L 
Srerayccmce seh 17073—L 
4 pears sere operat 17075—L 
Gero pees 25189—L 
18 Cie eat hee 25101—L 
{Sea el Sei 11981—L 
| Lap ee ae Ne etn 12657—L 
oN Beem TE 15442—K 
Gaye ete 25190—L 
12 tas a Pyle oe 25198—L 
1S ae seen 11983—L 
(ipo ers 12658—L 
Qa e ee 15443—K 
LO A ie Bee siee 15445—K 
Gea he FR es 15446—KK 
INS ol. See 12614—L 
eR ei 12615—L 
Vinten ces 11958—L 
Be eee 11981—K 
tS ATS hee Tee Evel 12633—L 
Jt eae es 15454—K. 
Te ea i 11982—K 
Sie ee ee 12634—L 
FINE sik) 15455—K 
Miami iin ho] 530. ee 
Minato --2 = 83 he 
Average -..:. | Bede yeaa 


BLUE ROSE: 
First-break hul- 
Lem braniesce seek 


Second-break 
huller bran}... 


DW Onset 
Mixture of first- 
and second- 
break huller 
DIAN 2s eee e 


Pearling-cone 
meal (st)=a-5- 
Pearling-cone 
meal (2d)..... 
Pearling-cone 
meal (3d)... -- 
HONDURAS: 
First-break hul- 
lemibranicesa 4 


Second-break 
huller bran... 


cone meal....- 
Second pearling- 
cone meal..... 
JAPAN: 
First-break hul- 
ler bran)s2 42k: 
Second-break 
huller bran.... 
Mixture of first- 
and second- 
break huller 
ibrans 2 4220. 
MIXTURES OF DIF- 
FERENT TYPES: 
First-break hul- 


—_— 
MOP SCOWNONM 
bo 
[0/0] 


9. 31 


a 
“10 WO-] 


one © Or 0100 CO 


(SiS 


_ 
PR 8? Bc eS P89 


— 
i=) 
2.2) 
I 


8.77 


13. 67 


1 Mixture of red rice with Blue Rose rice. 
-2 Direct from hullers; abnormal; omitted from summary. 


8 Samples were obtained from poor rice that was heavily milled and are abnormal. 


4 Mill was not operating. 
5 Mixture of Blue Rose and Honduras. 


6 Abnormal. 
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8. 68 


7.91 
8. 02 
7.42 


9. 08 
6. 84 
7.12 
10. 38 
4. 63 
8. 02 


Ash 
insolu-} Ratio of 
ble insolu- 
in 10 | ble ash 
per | to total 
cent ash. 
HCl 
PACE: 
Qvosi | sl2582 
124 hs 6265 
-90} 1: 8.50 
SOLS PL oOgo 
TSS iF Ls ra l6r 
2eOO Al sah 
Hegde ia fescue ienlioy 
2od |) L210: 30 
S28. plist Oreo 
SOLE 2S 
540-11 312./50 
Tg pals ss} 
1008255 7.20 
2.63'| 1: 3.95 
53 | 1: 8. 86 
-49 | 1: 9.43 
DS Sil Pliner, 
1.04 | 1: 7.90 
.72 | 1:10.90 
.80°} 1: 9.16 
55 | 1:15. 58 
4 eded4 OO 
55 | 1:11.40 
VLOe| 87-167 
AOOR SES ShleZ. 
1.59 | 1: 5.98 
.82 | Lb: 9. 73 
Ole e550 
1.:01-| Lz 9.63 
Ode hs 195 
Qe ls (sae 8 
.63 | 1:15. 49 
.61 | 1:13.60 
.60 | 1:15. 60 
.17-} 1:34.30 
DDT es 54716 
TOM le Ise 7041 
22805) 1263: 10 
1.63 | 1: 4.80 
24g Nabe 35 24: 
Q9\ 12 2566 
He2t elea50 
Sour dee 203 
17 Papa leat: hoe! 
Salts sits See ee 
7 BY Al len eters ae 
T2932 6522 


— 


SO EES Co EN 


9: 


$O:SS)==U00 /O0/G0'. 


S190 — 


83 


6.25). extract. 
Pacts Pict: 
16. 69 20. 00 
15. 81 19.35 
15. 94 20; 12 
16. 85 18. 89 
14. 35 18.91 
13. 68 VOC 
15. 06 16. 21 
18. 64 20. 61 
14.88 18. 21 
11. 37 10. 23 
12. 00 10. 97 
15. 38 17. 56 
pyar 17.94 
14.11 20. 09 
ieey 10. 44 
10.71 10.78 
16. 09 19. 96 
17. 06 19. 42 
15. 00 16. 20 
14. 56 18. 55 
14. 98 16. 38 
14.06 16.98 
13.14 13. 61 
1 945) 17. 64 
15. 88 18. 33 
13.97 IAAL 
14.48 17. 02 
17. 67 18. 58 
14. 28 NSP 
14. 56 18.94 
12. 40 13.92 
14. 27 MB Yi 

17. 41 19. 88 
16. 80 16.10 
16. 45 9. 56 
15. 01 18. 77 
15. 27 17. 57 
13. 50 14. 49 
14. 05 14.95 
14. 00 15. 43 
13.91 9. 70 
13. 82 14. 79 
10. 94 8.52 
13. 87 9.76 
18. 64 20. 61 
10. 71 8. 52 
14. 72 16. 30 
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TABLE 4.—Analyses of mixed brans as sold by the mill. 


Ashin-| Ratio of 


Mois- soluble |insoluble | Cruge | Protein | Ether 
Till. mple No.| 4 Ash. = : 
M Sample No ture. ay Caer ase fiber. |(NX6.25)./extract. 
HCl. ash. 

Per ct-)\ Ber cha Perc Per ct. | Per cent. | Per ct. 
Te ee ey ee ae | 1 25061—L 7.88 | 13.08 8.48 eb 4 17283 12.06 | 11.75 
1S peep aah i «Ai 25073—L | 10.46} 10.54 4.66 1225265) 12526 14.06 | 15.73 
COPE SORT pies tie Bape 25077—L QI) 13°38 6.44 1:2.08 | 12.96 13:50 |) 15.71 
1D) age ees Se ah ee eee | 25099—L 8.85 8.33 See 1:2.37 | 10.64 14.13 | 14.77 
1D Se a eee, mee aL erate 25159—L 9.37 8.59 2.44 1:3.52 9.54 15.44 | 17.48 
sae eee ee Sonn. Aes 25166—L tet 11.81 4.77 1:2.48 | 11.45 13.88 | 13.51 
GRE ere oe ee a ee 25191—-L | 10.62] 10.16 4.10 1:2.48 | 11.20 13.19 | 14.48 
Ese Bees Se eS eee oe 25199—L | 10.02} 10.06 3.30 1:3.04 | 11.01 13.78 | 14.63 
dU ee ae te Bn ag aed 11984—L | 10.39] 10.57 4.03 1:2.62 |} 10.71 13.23 | 14.85. 
se ed ae Ben 2 ee 17077—L 8.70} 9.83 3. 84 1:2.56 | 10.95 13.60 | 15.55 
Ker tier bao fone ae eee ee 15315—K 8.59 | 10.66 2.90 1:3.67 | 10.81 16.65 | 16.75 
| eee Ree Sea deers eee 12659—L } 10.72] 11.15 5.39 1:2.07 | 10.58 12.41 | 12.84 
11 Kensie eh ae i 3) ee 5 12647—L -50| 10.62 4.04 1:2.62} 11:91 |° 14.26) 17.49 
Nee cee en eee ee 12618—L 9.84 8. 64 3.33 1:2.59 | 12.19 13.26 | 15.37 
OAR tee Fee ee eon 1 12624—L 7.84 | 12.10 6.42 1:1.88 |} 13.95 11.88 | 15.50 
1 Ee ese lie oe et Pee a 11983—IKe 9.66 9. 64 SUBS) 1:2.80 | 10.40 13.39 | 13.89 
(Cea es Sees ae Pe eee 15444 -K 7.85 8.72 2.24 1:3. 90 9.61 16.53 | 16.03 
1 be, eke ah Sts Se US aaa 8 eects ; 212609—L | 10.67 9.60 4.86 1:1.76 | Al.72 11.37 | 12.80 
Se aces ns So eee eee | 112638—L 9.80 | . 10.50 6.70 1:1.57 | 15.10} = 10:94-] 10.10 
ee ee ee ee Setian ee ee | 1 12668—L 9.23 | 10.98 7.51 1:1.46 | 13.90 10.25 | 10.82 
Saat eS as Oe Be eee | 1 12669—L 8.27 | 12.08 7.59 1:14.59) ° 18351 11.05 | 13.46 
Sat See oe. oe ee 260 — 15 8.81 9.92 5.33 Pal. 86) | ie70 12.40 | 13.89 
Tse Be ee ves ca | 315456—K | 10.59 teow 4.04 1:1. 381 9.37 12.34 | 5.97 
A Miccaseee #0 Slee he) Sein San ate atl | 415457—-K 8.60 7.85 3.94 1:1.99'| 11.07 13.39 | 9.74 
en renee 2 Re ee 17093—L | 10.45 8.40 4.19 1:2.00 | 10.54 12.86 | 13.08 
Wie roel Se oe | 11959—L 15 9.70 3.80 7|— 1525521), F12560 12.68 | 13.40 
LY Ee S-a aa |e oe Seen ee aes te See a | 15.00} 13.38 (ie: eee 12.96 16.65 | 17.49 
WiBTaWrad (Adis Be ae Coo ah a 7.78 7 axe !a tel bem 872: w | Pres oe 9.54 11.88 | 9.74 
ANOLE Cte Saree sacice |= Soe ie oe 9.65 | 10.03 3.78 1:3.77 | 11.28 13.79 | 14.75 


1 Omitted from summary, as ground hulls probably had been added to sample. 

2 Omitted from summary, as mill was milling abnormal, damaged rice. 

3 Omitted from summary, as mill was running on a mixed lot of broken rice. 

4 Sample was taken from a lot of bran ready for the market. Exact history of bran unknown. 


TABLE 5.—Analyses of rice polishes. 


Aah Pere 
. Mois- soup e)insouhe | Crudé’| Protein: |: Ether 
Mill. Sample No. Ash. | in 10 ash to : 
ae ture. percent| total fiber. |(N X6.25).|extract. 
HCl. ash. 

Perc. | Pench erict Per ct. | Per cent. | Per ct 

PAS eRe ye Bs ht Yells. 25060—L 9.10 5no5 0.39 | 1:14.19 |; 93-67 13.44 | 13.68 
1c epee ol Soma 6 OO ae 25075— L 11. 04 6.02 53 Tesi bbs ys) 2.69 13550) |) 67 
Ce ee se Pe 25084—L | 10.10 6.44 | Sul Pelee doy) b2525 12°25 | 10.15 
(Os ge oe TOSS se a a Ge oe ore 1 25085—L 10. 49 3.42 41 278.35 | 1.89 10.69 | 25.72 
1) yeks paees tite a Rane Meer ted 25097—L 9.44 4.56 G4 liehienedsil, 7 2520 12.69 | 9.10 
1D) cial ARR an eras, Ree seca nie ceotea 25161—L 10.13 4,25 32 L213. 29 1.76 12. 63 9.13 
(ed See ee ee 7 Ee eee SL 2s 11.30 7.96 Lalit: bes yen te 2.45 14.19.| 10.7 
1D ie a ation soit a 3 251 71—L 13303 3.19 43 1: 7.42 94 12.13 | 24.24 
eG ete weeny ee See 25178 le 0. 57 4.68 NOAA eA Obit 1.38 11.06 | 8.59 
d Ech PE aie Se AES aR Se 11990—L | 10.08 4.37 2308) Sa14256 99 TROY | 7TH 

SSI See eh ee J bx ere | 417078—L 9.88 3.07 sSibul eR 9590 56 10.93 | 25.61 
CTR Re Shee eae OW Den ma 15316—K 5. 64 2.07 FAQ W 2ohis 52 1:7 2.29 9.31 | 12.02 

d [eee ee es Bel eae pe Se Seas 12660—L 9.81 | 4.75 | 530 ye eb 283 Bilt 11. 91. | 8251 
MS oe - ea gee soe eS 12651—L 9.29; 5.46 | s04 |e d Ooi: 1.73 715; 245) 12°34 
IN eee erp foes dace ela 12617—L 8.56 | 4.44 S47 | oe 9844 oti 12.55 | 12.10 
(i) pe eae ke ete ae ee | 12625—L 7.31 9.61 120389233 2.52 BABE) aleve 
RE Ss eee he et tenes ak | 11984— K. 9.37 eA Dalen see ee ees 1.90 12.38 | 8.38 
AR ne oye Sak ee | LOGOS — Er 9.65 2.43 JADE ALN 7S 1.74 7.87.) 6.39 
Si ee ern OS ope Eye ee |. $2635—1, We 10. 22 5.95 -96 | 1: 6.20 2.10 TBS TKO) bees 2, 27/ 
pe eee re he 6 15458—K 7.50 4.42 1.40 | i: 3.16 SSDS 125216429 
is eae ee eet pes 17089—L 8.70 6. 40 Teil recta ap ei7/ 3.39 11.94 | 12.98 
Vg kee ta A eS ta RED 11962—L 6.68 5.81 128), |\"ets 4.54 2.60 11.89 | 9.22 
Maxdiniunnias. ahha ae tn ay Se 13.03 9.61 Pg Es Se 3.67 15.24 | 13.68 

MoM mine) tee eb re pe Se 5. 64 2.07 ee OA cle Sr ees .56 7.87} 6.29 
AVOTAZC? 582. Peaseechasnses coos 9.45 4.97 64.) Ls 7.76 2.07 TPE ae | os 75 


1 Polish from a second brush. . ; ae 

2 The figures for ether extract in these samples are not representative and were not used in obtaining 
minimum percentage. : 

3 These two polishes are mixed before being put upon the market. 

4 Tn this mill the rice is scoured by three pearling cones before it is sent to the brush. 

5 Low-grade rice that was heavily milled; polish abnormal. 

6 Remilling mixed lot of broken rice; polish abnormal. 


ot 


(Ae. 


x 
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TABLE 6.—Analyses of miscellaneous samples of interest. . 
Ash : 
ae Ratio of 
mike “ie a : Mois- et ble in asolubte Crude peta Ether 
il. | Sample No.) escription of sample. : Ash. ieee | ASTI G OW errs NX ex- 
Y ture. fee total fiber. 6525).| tract. 
Oh! |e. BS 
Pench. \\ Per ct.\\ er ct. Pench WE enChaeEerich: 
A....| 25054—L | Light or blighted grains 7.43 | 18.60 | 16.80 |1: 1.10] 35.70 5. 80 2. 80 
from monitor. 
A....| 25058—L | Blighted grains mixed 8.60 | 16.20 | 13.10 }1: 1.24 | 26.70 8. 90 6. 60 
with stone-reel bran. ‘ 
A....| 25055—L | Rice, Blue Rose type, from 13HSOy | VL .04 |1:27.50] 0.96 8. 60 2.00 - 
clean side of paddy ma- 
chine. 
C....| 25079—L | Dust from dust collector 8.40 | 29.90 | 25.50 |1: 1.17 | 12.60 7. 80 3. 80 
connected with hull 
grinder. 
F....| 25176—L | Brown rice from package 10.30} 1.30 OSs 165-25 . 80 7. 80 1.90 
as found on the market. 
2 ene 11989—L | Polish taken from brush 9.49 | 7.28 TOs emo 2or i 2 lOM dile75 12. 38 
machine by air blast. 
Tees =o 17060—L | Light or blighted grains 10.21 | 17.40 | 15.90 | 1: 1.09 | 32.97 4.81 15:25 
from monitor. 
Mee 3 P5310 — Ke 2 HD) Operate gst IE oar 9.28 | 16.40 | 14.47 |1: 1.13 | 29.90 6. 72 1. 48 
P....| 11979—K | Ground and bolted rice 7.98 | 19.84 | 18.69-}1: 1.06 | 36.72 3'.56 93 
hulls from mill. Saget 
P....! 13449—K | Bran standardized with 10.89 | 10.43! 6.04 ])1: 1.70! 12.80] 11.28 8.91 
ground hull. 
P- 18452—K |...-. DORE Bs separa cd 10. 34 | 11.64 GFole ds Ae 70!) Os 03 11. 64 10. 38 
Q..--| 15438—K | Ground and bolted rice DOO LSS OI U2) es On| 36.01 3. 76 1.10 
at hulls from mill. 
Or 15433—K_ | Light or blighted grains 9526) lsed2 Tie 54 i tel 1027.03 7.96 1250 
from monitor. 
Q.-..-| 15436—K | Dust from dust collector 6.40 | 27.71 | 24.89 |1: 1.10 | 17.08 7.00 2.99 
connected with hull 
_grinder. : . 
G....| 25183—L | Rice, Hondurastype, from 14.80 | 1.20 .20 | 1: 6.00 . 96 8.90 2.20 ~ 
clean side of paddy ma- 
chine. 
§.....| 12636—L | Polish taken from brush 9.8031 .6:.68,|) Us88) is 7702704) S13516 13115 
machine by air blast. 


U....| 17090—L |..... WOR Boe 2 cece ck ee 8.49 | 8.35 788 | 1: 9.48 || 3.65 | 13569 18.99 


1 Shipped unlabeled as 20 per cent fat + protein. 
MILLING AND CHEMICAL RESULTS ON CONTROL SAMPLES FROM A TYPICAL MILL. 


The second part of the work consisted in the collection and analysis 
of the several reduction products obtained under carefully controlled 
and known conditions. A typical rice mill of moderate size was 
selected and through the courtesy of the owners representatives of 
the department were given control of its operation. Arrangements 
were made to spout the various bran streams separately and to collect 
and weigh each portion of a given run as it was taken off. Samples 
were drawn from each stream and were analyzed separately. A 
complete feed analysis was made of the by-product samples and a 
moisture determination of the rice at various stages of milling. Four 
lots of rice were milled in this manner. 

Lot A consisted of No. 1 Blue Rose type rice. This lot contained 
little or no red rice and was of as good grade as is ever used for mill- 
ing. It cupped 42 pounds to the bushel. The regular adjustment of 
the stones and hullers was used in milling this rice. 

The milling results on this lot are given in Table 7. 
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TaBLe 7.— Yield of by-products and cleaned rice obtained from the milling of 13,935 


pounds of No. 1 Blue Rose type rice. 


Lot A. 


{Quantity of rice milled: 71 bags or 86 barrels of 162 pounds each; total weight, 13,935 pounds]. 


Cleaned rice and by-products. Yield. Cleaned rice and by-products. 
Pounds. | Per cent. 

ET Sis oe aie rere eo 2,706. 0 OA ROMS we eea a's oceans eae 
Brans NLCAdeniCe ae fa ee eee 
Stone reel (25.2 per cent).. 294.5 2.1 || Second-grade rice..........-..- 
First break (33.6 per cent). 391.5 2.8) || Brewer's Tice.: co oeosvet eee 
Second break (41.2 per Chicken*feed:. 6 tae eee 
CONG) See ee ee Ae ee 481.0 Ses || Wastes. sau aes SMA rah eiepe mens 


Yield. 


= 


Pounds. | Per cent. 


The laboratory results on the samples from this run are shown in 


Table 8. 


TaBLE 8.—Chemical composition of by-products and of rice at different stages of milling 


No. 1 Blue Rose type rice. Lot A. 
@ 
Ash A 
insoluble ational Crd 
Sample No. Description of sample. Moisture.; Ash. — in 10. (ee ene ee 
ash to. fiber. 
per cent | totalash 
| ELC: f 
Per cent. | Per cent. | Per cent. Per cent. 

1AG9G—— Le MES Beas Sake pea ee pele aed eee ana Tol 17.90 17.59. 1:1. 02 43.19 
11993—T. | Stone=reelibram: 25-22 ke ee ee 8.91 13. 46 9.62 1:1. 40 23.54 
12675—Ls|hirst-breaktbran= 26 ce. Se eee | 9. 28 7.43 1.03 Le 7e24 9.13 
12677—Lr4|. second=break. bran }-0t 93.22 (28 bso. = ' 9,91 7. 24 1.19 1:6. 08 7.83 

Calculated analysis of mixed bran...... 9.45 8.87 3. 26 1:2. 71 12.23. - 
126 79——Tee | SRaicenpolish ea. aeee a ere eee ne 8. 87 7.39 608 |f let 2032 1.59 
11991—L | Rough rice before milling............-. DL 5 eG eres ee hapless eee ee 
11992—L | Cleaned rough rice...............-..-..- DS G7. luca Ses = Bees Het ease ae ee eee te 
11995—L | Hulls and bran after the monitor....--. BBA ee eee Rot 2S eee f= ol ee Aiea oye i |e ee ea 
11997—L | Rice after stone monitor going to paddy. T2EOS oes ee epee ep eeerees) Poach itt eel lac see aay 
11999—L | Rice from rough side of paddy machine. A907 | RSE sn eomne ae merece as ee fests 
11998—L | Rice from clean side of paddy machine - DDB see he Be pha | CES Tha ue eee om ce ae ee | Se 
12000—L | Rice after first-break huller screen....--- IA GS as Soc eae Wh <a ravaeeaoa eavell eee eck ore pects | ee CRS nage 
12678—L | Rice after brush machine.............- 1 | Oh ee RE eet colle saa Rake tuna oh 3 
12678—L | Riceafter brush machine (finely ground). 11.07 0.30 0. 01 1:30. 0 0.37 

: Nitro- 
Nr ene Protein | Ether Pento- 
Sample No. Description of sample. (N X6.25).| extract. oo Bane! Starch. 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 

DH O96-—L Glas): 7.22 eae ee on ere 2 ee 1.93 0.59 28. 88 16. 73 1. 25 
11993—"To is tone-reel bran 2-2 ee os cee 9. 68 8.61 35. 80 12.95 7. 82 
12675—1s "|, Wirst-preak bran 2 2. pesos ke ces 14. 93 20. 11 39.12 (Be) 12. 63 
12677—L |;Second-break bran Ss) oe ee 14. 60 18. 68 41.74 7.39 16.37 

Calculated analysis of mixed bran.....- 13.47 16. 62 B98 36u Lee o See eee ee 
12679—Te |" RICE POliSh es ae Se a 1227, 16. 99 52.37 4.68 33. 88 
11991—L |. Rough:rice:- before milling, 22 2 oe ee ees eee ei | ey ae eal | ope ceca ede eer ace 
11992—L,-| Cleaned rough rice: 22:2 2) 20222522 INL 2 oe a ee cas ee ee sees 
11995—I. | Anulls-and-bramn after. thesmonitor: 20 2s). 2 ose a |e i eae ere lee ae ec pen lc 
11997—L | Rice‘after stone monitor going to paddy-\_- -2 2222). an oe ea eee 
11999—L | JRicefrom rough side,ofpaddy machine: | 22. Sa -y- 2 |e ese eee ee eed eee 
11998—L "| "Rice from-clean'side of paddy machine =\=)2 5-2 2 S| Ns a2 eee eee |e ee eee eee ae 
12000—1,-| Rice,atter first-break hullersereeme a. |e op eyes eres tee ae eee | ee 
12678—Iz |. Rice after brush machines. <2. hs 2a Ne i aap ee rs ae Ee yee Po | eee 
12678—L | Rice after brush machine (finely 

QTOUNG) 2 ee see re ee eee ee 87 0.52 FOES En | Sae echo) eee 


Ay 
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Lot B consisted of No. 3 Blue Rose type rice. This lot contained 
considerable red rice and some cracked and over-ripe grains, and was 
of very ordinary quality. It cupped 43 pounds to the bushel. The 
stones were lowered to the usual height, the hullers set loose, and fed 
at regular speed. The rice was brushed with large feed on brush. 
The whole process was regulated throughout to preserve the grain 
rather than to obtain a highly milled rice. 

The milling results on this lot are given in Table 9 


TaBie 9.— Yield of by-products and cleaned rice obtained from the milling of 36,080 
pounds of No. 3 Blue Rose type rice. Lot B. 


{Quantity of rice milled: 183 bags or 222.7 barrels of 162 pounds each; total weight, 36,080 pounds. ] 


| 

Cleaned rice and by-products. Yield. Cleaned rice and by-products. Yield. 
Pounds. | Per cent. Pounds. | Per cent. 
TE RUHR oe ee oe ere a eee 6, 872 ORO EOL Shi es sere ae eee 1,179 3.2 
Brans: TER CAGITIC Cis sactathe oe cleeotorsincie ene 22,000 60.9 
Stone reel (29.3 per cent). - 755 | De Lis OWLS TUCOh) >see eee 2, 880 8.0 
First break (30.4 per cent). 727 230) | @hickensteeqe yee. eee s 2 eae 150 0.4 
Second break (40.3 per AWIES GOIN as iso ee OE Se eS 516 1.4 

CON) cee see Soe 1, 001 Dah 


The laboratory results on the samples from this run are shown 
in Table 10. 


TaBLE 10.—Chemical composition of by-products and of rice at different stages of milling 
No. 3 Blue Rose type rice. Lot B. 


Ash 


insol- | Ratio of Nitro- 


F melt Protein 
Sample F Mois- uble in | insoluble | Crude Ether | gen- 
No. Description of sample ture. | “S2- | yo per | ash to | fiber. 625) extract.| free 
eent | totalash. TA extract. 
HCl. 
Per ct. | Per ct.| Per ct Per ct Perce. | Ren Ce: | WACincls |WRETACE 
18066—L | Rice hulls. ............. 5.87 | 20.01 19.7 Loe OL 38. 72 2.08 0. 47 32. 85 
18063—L | Stone-reel bran......-.-- TEVA NETE P1357 hee PREY, Ute 228) 205385 9. 47 8.02 39.36 
18071—L | First-break bran......-.|. 7.30 tot 1.42 1543 9.03 14. 93 20. 20 40. 83 
18073—L | Second-break bran....-. Dele Task 1.34 1:5. 80 te: (So lAS68 |) a9 ol 43.07 
Calculated analysis “of 
iMixed Pra oc. 3. a2! 7.35 | 10.04 4.76 2 oe 11. 94 Mae lz 16. 22 41. 29 
18075—L | Rice polish ea 6.38 8.01 0.91 1:8. 80 4.45 13.48 19. 04 48. 64 
18061—L | Rough rice before Soins SUZ sth Bia hp al Lc re ea ae ee Ke Le eM ctat a PEL S Sas 
18062—L | Cleaned rough rice... ... TIO) OES ape ea HE ar ae Hb IA a ereagad mee ane SN aye Da each fag] = | ae 
18064—L | Rice, bran, and hulls 
after stone set a el eae IOS Ag ey ie AE CH tee or ra |e hee UN eK Teg Ra hy | Sa er 
18065—L| Hulls and bran from 
stone monitor......... Thos TIS) eV URE GE Ee UL Per |B a ce er al | bes ed | eee ee eas Fst Sane oe 
18067—L | Rice eon ee going 
to padd : ONO Shearer ie oe Saar ere oe Ss saree ole te, ocala tae de Olt aoe ee 
18069—L | Rice Fon rough side of 
paddy machine. z OS (leet ee mee amen errencee core olor (eek ay Ss See 
18068—L | Rice from clean side of 
paddy machine. : HATES UST Seed RES ay Ns A a ar ae RS lL i i Mea IE 
18078—L | Rice after first- break reel. FIELD) aS Ses Oe leo piee| [eumeneee es ee 2] (A aoe re gc Oe Serge e| Hic D3! Pea 
18072—L Rice after second-break 
huller reel. TD) 2B}. RES LS eis | ah Re A mm eG a Da Wt i= 
18074—L | Rice after brush machine TIS BO | fet seo S00) Ree Se ee ct a (gree Ee 8 [eave en (ae Bs Tee ete 
18074—L | Rice after brush machine 
(finely ground)........ 10.51 | 0.46 OLOsa E1553 0.56 8.03 0. 64 79. 80 
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Lot C consisted of No. 4 Japan-type rice. This lot contained 


considerable red rice and was light and chaffy on account of imma- 


ture grains. It cupped 40 pounds to the bushel. In milling this 
rice the stones were set lower and the hullers set very loose. 
The milling results on this lot are given in Table 11. 


TABLE 11.— Yield of by-products and cleaned rice obtained from the milling of 24,380 


pounds of No. 4 Japan-type rice. Lot C. 


[Quantity of rice milled: 129 bags or 150.49 barrels of 162 pounds each; total weight, 24,380 pounds.] 


Cleaned rice and by-products. Yield. Cleaned rice and by-products. Yield. 
| 
Pounds. | Per cent. Pounds. | Per cent. 

Ul See eee ek ei Se eer 4,560 Si 5| Pe OShe esa cette ate ) 355 
Brans: ea dirice: asset poner een 15, 500 63.5 

Stone reel (21.0 per cent)... 406 1360 | BIrewelrSiTic@s= 2. oeee ace eee 1,440 5.9 

First break (41.8 per cent). 806 SHB 3a WiaSUe Re aiern eee le a ies 83 0.3 

Second break (37.2 per 

COLE) eres ae ia ere ree 717 2.9 
| 


The laboratory results on the samples from this run are shown in 


Table 12: 


TABLE 12.—Chemical composition of by-products and of rice at different stages of milling 
No. 4 Japan-type rice. Lot C 


Sample Mois- soluble ecene Crude | Protein | Ether | Nitro- 
No. Description of sample. ture. Ash.) in 10 ash to | fiber. |(N X6.25)./extract. gen-free 
per cent forallash extract. 
1S (CIE : 
‘Per ct. \-Perict:\ Per ci. ‘Per ct: “Penct=) \eRenets|\Pemcr 
J2886—17 | dRiceshulls 2 i Se 6.19 | 18.46 17. 85 1: 1.04 39.98 2.49 1.08 31.80 
12683-L | Stone-reel bran.......- 10. 28 | 13.89 9.90 1: 1.40 18.09 9. 89 9.87 37.98 
12691-L | First-break bran.._..-- 9.56 9. 26 3.82 1392542. 10. 82 12. 56 14. 54 43. 26 
12693-L | Second-break bran..... Geb aan O2 1.02 1: 6.88 Mead, BOR) || GEES} 46.41 
Calculated analysis of 
mixed) bran. 227. 9.60 | 9.40 4.06 122.35 4) 10799! | 12.39 | 14.30 43.32 
12695-L | Rice polish............ SF aloes 0.43 1:13.79 2.18 LUG 7a) 12522 59. 83 
_—12680-L Png rice before mill- | | 
Paice t's Ra rns spe Pag ENS. si Wk? | * el Pe a RL a] Pee Crt ld Dee PE Se ale Bathe (Sa reeGoS 
12684-L Rage. hulls and bran 
SIbeMSLONES eee ee 1 BAAR 8 VB si Atco Pe Spee |e ta ora cn | nic nde ted Ss AIOE eed | Sa le ee pee 
12685-L | Hulls and bran from | 
stone Monitor.......- O96) |i Sse ss ee 0a se oe al oe ep Re, On| eee | eres 
12687-L | Rice from stone moni- 
CORSE eee ee a ip ed Sl eal eae ee ee) [eee ee ee Pe SP Se ee ee oh oe a Sead 
12689-L | Rice from rough side of 
paddy machine....-. gt sy A | Se) Reel eee eRe ame Sree OA ee alee node ‘ 
12690-L | Rice after first-break : 
huller/reel=- sss 1D250s occ e locas AScER epee ce | aeetiaee ee ame 5 Paps ceadveer 12 eae 
12692-L | Rice after second-break : : 
hullerreela= esa. - 2 POAT Ne Bs ee a eee S| CRP PG SE eee | Ree aya | acre ee 
12694-L | Rice after brush ma- - 
Chineeees en ee ee PDB ee eet oe ae eae | ED a eee eee pee (eee pee sie coe 
12694-L | Rice after brush ma- | =| 
chine (finely ground) 10.57 | 0.38 .09 34122 0.47 | 7200") 0x59 80. 89 


Lot D consisted of No. 1 Honduras-type rice. This lot was slightly 
seedy and weather damaged. It cupped 41 pounds per bushel. In 
milling, the stones were raised on account of the long grain, and the 
hullers were set very loose, as in ann rice of the Japan type, and 
were fed slower. | 

The milling results on this lot are given in Table 13. 
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TABLE 13.— Yield of by-products and cleaned rice obtained from the milling of 35,970 
pounds of No. 1 Honduras-type rice. Lot D. 


[Quantity of rice milled: 186 bags or 222 barrels of 162 pounds each; total weight, 35,970 pounds. ] 


Cleaned rice and by-products. Yield. Cleaned rice and by-products. | Yield. 
| 

Pounds. | Per cent. Pounds. | Per cent. 
ETM S eaten Setar cicrcre wise a'arcas vigie 7, 532 ZONORN EGR MeICO. fe ecc ccs osica sete es 15, 000 41.7 
Brans: Second-grade rice.-......-...- 5, 000 13.9 
Stone reel (29.1 per cent) -- 878 2.4)\| Lhird-erade rice... 2-2. -- 2, 100 5.8 
First break (34.8 per cent). 1, 033 2S || BLOWeleSillGen o 24 nome neyne = 960 2.6 
Second break(36.6 per cent ) 1,101 Sal We Ohickenitcedise 282 t-.. 2... 400 ial 
IRalisheeesieic vee eek oo fours. 32 1, 225 Saal | NVILS UO iace elector eich bell Sods 8 TAL 2p 


The laboratory results on the samples from this run are shown in 


Table 14. 


TABLE 14.—Chemical composition of by-products and of rice at different stages of milling 
No. 1 Honduras-type rice. Lot D. 


| ae a Pro Fe 
a : soluble | of insol- . itro- 
Soule Description of sample. Mois: Ash. | in 10 | uble ash crude is po ener gen-free 
: ; : per cent} to total ilk 25) *lextract. 
HCl. ash. eu 
ET CLs oe Chan eo Cle IPG IPS Cg ILS aie || TELE. 
USO Cad Ula] | od 89) (orev au AS Shey ast 8.50 | 20.33 19. 29 Avs Te Obs (toile 24: 2.09 0. 50 31.34 
12698-L | Stone-reel bran...:....- 9.63 | 15.75 12. 80 lecel23 22.14 9. 36 6. 51 36. 61 
18056-L | First-break bran......-. 9.77 he DOE POE TE: 1: 9.81 7.60 15.99 18. 38 41.00 
18058-L | Second-break bran...... 9.55 | 6.94 oth s| Mabenee (Oy 3592 yea 93s libs 46.91 
,| Calculated analysis of 
medi pranker seek 3. 9. 65 9. 62 4,27 2324: Lt. 22 13. 67 13.96 41.88 
18060-L | Rice polish..-.......... MeO3e|= (E05 HO? eee S250 2.19) 13.455) 13748 55. 90 
18052-L, | Rough rice before mill- 
LNG te ee cet ee 1 as re | i PE a LR et ae Se Ft S| A 
12697-L | Cleaned rough rice...... Ii er Za Is Ses PE ete | Sa eee Og RP per a oe 
12699-L | Rice, bran, and hulls 
BiLCUStONG sa 8 2 es Aste TEE ai NS Ie Ne ane rk gene ent WR aL ee Nal arya! Wen gs 
12700-L | Hulls and bran from 
SiC) ae ea ea PIRTBYN Ieee Oreo eet ott eee ee (RCTS eI vEL (ee et el (ISTE oe [ree eet at 
12696-L | Rice from monitor going 
ORDA Gays-eree ee el Ase | eyes Se fee hs I eae a BO ee Ml Oe Rea cfc oe Sy hes Seere 
18053-L | Rice from clean side of | 
paddy machine....... Pi lO Sulawesi [re SAS) SVG a He AAS ey RT atl Aas ce |S ee 
18054-L | Rice from rough side of 
paddy machine....... WTO als aee | Seer le eae wide lotsa mae al orcon ares Sil aed ce a reins 
18055-L | Rice after first-break 
pens pees ee ees TPC) ge = rr heres a (Eee ery iP IEE ae HT Bel ee ene Poe CLR See 
18057-L | Rice after second-break 
(ini Wes SPS ie oie Sanaa eae IPE EMSRS | MIS eal ens ae Mme, ees ok oe eR a] UE Re RE (Ue Se | Ce 
18059-L | Rice after brush ma- 
CHING ar poets copter nt SPA ig Ves He Rae ete SIMO Sra M cE sede 2 [dere ae aD ib. oe a (te Rae 
18059-L | Rice after brush ma- 
chine (finely ground). 11.41 -oo °.03 1:11.00 59 9.71 . 04 77.42 


INTERPRETATION OF RESULTS. 


CONTROL PRODUCTS. 


A few interesting comparisons may be made from the milling 
results. The percentage of hulls from a given lot of rice varied from 
18.7 per cent to 20.9 per cent, the lowest. figure being for lot C of 
Japan-type rice and the highest figure for lot D, Honduras type. 
The yield of useful rice by-products—that is, all the brans and the 
polish—varied from 10 per cent for lot B to 11.7 per cent for lot D. 
As lot B was very lightly milled, this variation would be expected. 
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The yield of finished rice of all grades varied from 64 per cent for lot 
D to 68.9 per cent for lot B, showing, as would be expected, that a 
high yield of rice corresponds to a low yield of by-products. ~The 
percentage of the bran coat taken off at the four stages varied greatly. 
It would seem that more satisfactory milling results might be ob- 
tained if it were possible to make the reduction at each stage more 
nearly uniform. 

The chemical results given in Tables 8, 10, 12, and 14 show many 
interesting features. The moisture of the rough rice is seen to be 
mainly in the kernel, as the moisture of the hull in all cases was 
markedly less than that of the other samples. A lower moisture 
content was found in the several by-products than in the rice itself. 
This may be due in part to the interior of the kernel having a higher 
moisture content than the exterior portions, but probably is due 
mainly to the drying of the by-products by the heat developed in * 
the milling process. This theory is supported by the fact that the ~ 
polish is of lower moisture content than are the brans. 

The ash in the stone-reel bran from the four lots of rice milled ap- 
proximated 15 per cent, showing the presence of hulls in this bran. 
This also is shown markedly by the ash insoluble in hydrochloric acid, 
which averaged about 11 per cent, as compared with about 1 per 
cent for the huller brans and polish. Lot C, composed of Japan-type 
rice, was the only lot that showed a high insoluble ash in the first- 
break huller bran. This is accounted for probably by the fact that 
the small grains of rice of the Japan type do not separate so well in 
the paddy machine as do other types of rice. 

A marked tendency for the ether extract to exceed protein was 
observed in all brans, particularly in those from Blue Rose rice, which, 
in general, are higher in ether extract than, and have approximately 
the same amount of protein as, brans from the other types of rice. 
The relation of ether extract to protein gives some indication as to 
the addition of hulls, since hulls contain considerably more protein 
than ether extract, and their addition to the bran tends to bring the 
determinations for these two constituents more closely together than 
would be the case if the bran were free from hulls. This has been 
observed in the case of so-called 20 per cent brans, which have 
been standardized to 20 per cent fat plus protein by the addition of 
hulls. The trade custom of rating rice bran on the basis of the fat 
plus protein content is of long standing. ” 

The percentage of crude fiber decreased markedly as the reduction 
process was continued. The high figures for stone-reel bran are, of 
course, due to the presence of hulls. The determinations of pentosans 
and starch made on samples of lot A appear to furnish no information 
regarding the products not given by the other figures, 
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In the calculated analyses given in Tables 8, 10, 12, and 14, for the 
mixed brans as they would ordinarily appear on the market, the ash 
in all cases was 10 per cent or less, the insoluble ash in all cases was 
below 5 per cent, and the fat plus protein ranged from 26.7 per cent 
to nearly 30 per cent. The crude fiber was always above 10 per cent, 
a figure considered by many chemists to be the limit for a pure rice 
bran. The nitrogen-free extract approximated 40 per cent. This 
figure, however, seems to be of little use in determining the char- 
acter of the product, except that in some cases a high figure may 
confirm the presence of a large amount of broken rice. 

The results show that rice polish is characterized by very low acid- 
insoluble ash, by low crude-fiber value, and by high nitrogen-free 
extract. Itshould have a fat plus protein content above 20 per cent. 


The rice polish in lot D was somewhat abnormal for the reason 


that, on account of the light milling to which the rice had been sub- 
jected, the portion taken off in the brush machine consisted in part of 
the material which usually would be taken off in the second-break 
hullers. 

ALL SAMPLES. 

A consideration of the chemical results on all samples taken shows 
that all the rice hulls examined were very high in both ash and fiber 
and were of such low protein and fat content as to have practically no 
feeding value. In addition, their physical structure renders them 
harmful to animals if fed in too large amounts. 

The stone-reel bran was uniformly much higher in total ash, acid- 
insoluble ash, and crude fiber, and was lower in protein and fat than 
were the huller brans. This was due to the presence of the hulls 
which entered the stone-reel bran after they had been broken up by 
the stones. The analysis of this by-product would indicate that 
usually it contains from 25 to 50 per cent of hulls. The huller brans 
were nearly all very low in fiber and acid-insoluble ash, showing their - 
comparative freedom from hulls, and were high in protein and fat. 
Their composition would make them a very rich feeding stuff if used 
alone. At present, however, huller brans are not used for feeding 
purposes, partly for the reason that they do not keep well and partly 
because millers always have made a practice of including the product 
of the stone reel in their bran. This mixture is the bran as com- 
monly found on the market and contains an amount of hulls from the 
stone-reel bran which would seem to add materially to the keeping 
qualities of the product, and at the same time to give a feed acceptable 
to the consumer. This product, when produced under known condi- 
tions that preclude the addition of ground hulls, should contain over 
26 per cent fat plus protein. It should not exceed 13 per cent of 
crude fiber or 5 per cent of ash insoluble in hydrochloric acid. 
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All the chemical determinations given in the tables are of value in 
judging the nature of by-products of rice found on the market. The 
presence of rice hulls in rice bran is indicated at once by high ash, 
particularly insoluble ash, and by a low ratio of insoluble to total ash. 
Rice hulls also are indicated by a high crude-fiber content. Low 
figures in protein and fat may be due to an excess of hulls or to an 
excess of broken rice due to poor material or careless milling, but, 
when they are considered in connection with the figures for ash and 
fiber, the character of the product can be judged accurately. 
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